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IKHIBITOKS OF DIPSPTIDYL-AKIKOPEPTIDASE TYPE IV 

p,^v^^^nnri Of Tnvention 

This invention relates to inhibitors of the amino 
5 peptidase activity of dipeptidyl peptidase type IV (DP- 

IV) . ... 

DP-IV is a oostoroUne cleaving enzyme with a - 

specificity for re:;oving Xaa-Pro (where Xaa represents 

any amino acid) dipeptides from the amino terminus of 

10 polypeptides. DP-IVwiU also remove Xaa-Ala dipeptxdes 

from amino termini, albeit less efficiently. DP-IV is 

present in many maonalian cells and tissues, for example, 

renal tubule cells, intestinal epithelium, and blood 

plasma. It is also present on the surface of CD4. and 

15 some CD8. T-cells. It is thought to be involved in the 

regulation of the immune response; occurrence of DP-IV on 

a cell surface is associated with the ability of cells to 

produce interleuXin-2 (IL-2) . DP-IV is also referred to 

as dipeptidyl-peptide hydrolase DAP-IV or DPP-IV; it is 



20 assigned EC number 3.4.14.5 



Three different inhibitors of DP-IV are known, 
one of these is a suicide inhibitor: N-Ala-Pro-0- 
(nitrobenzyl-) hydroxy lamine. (The standard three letter 
amino acid codes are used in this application; 0 _ 
represents oxygen.) Another is a competitive inhibitor: 
e-(4-nitro) benzoxycarbonyl-Lys-Pro. The third is a 
polyclonal rabbit anti-porcine kidney DP-IV 
immunoglobulin. 

grr^marv ^>^° Tnvention 
The enzymatic activity of DP-IV involves cleaving 
of a dipeptide frcn the free amino terminus of a 
polypeptide. DP-IV has a preference for cleaving after a 
proline, i.e.. a proline in the penultimate position from 
the amino terminus. A free amino terminus is required; 
3 5 thus, DP-IV is a postproline cleaving . enzyme with a 



30 

o 
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. „ N-terminal Xaa-Pro dipeptide 
.pecincity l„ any a.lno acia, 

.ro. a polypept 6 (wh.re^ ^^^^ ^^^^ ^ 

including proline). „f ^ polypeptide when 

aipeptWe £ro. - - ,iae ^oup, e.,. , 

5 Xaa' is an amino acid witn 

'""^'"xKi. invention concerns Provision or potent 
i..i.itors o. tne ---- -lirjL ■:rp.oUne 
oenerelly en "--^ ^uch enelo, vUch he. 

10 (borcPro is used to design ^ ^^^^^^ 

.he ».hc>^l = - J ^oups end B 

group, where 3„i„„ acid to form a 

represents boron, is '=-^^^ '"/^ ,,„i„al residue, 
dipeptide »lth boroPro es the <="boxy ^ ^ 
,S These dipeptide P"lyl-boronic e^^s » P ^^^^^^ 
highly specific inhibitors of DP IV, 

the nano-olar range. 

Pipeptides having the boo 

relatively unstable; thus, ha 
.0 having at least two ''-^ //fj, is X-Pro-y- 

cenerally -' -^ ren fro. any a.ino acid 

boroPro where X and Y ar tetrapeptide Bay be 

residue (including ^^''^"^^J^^Zl^L of one or 
lengthened at its ^^„^„1 
25 .ore dipeptldes, each d p p ^ .^^^^^aently is any 

foiBUla Z-Pro or Z-ala, wn.r general 
3.in= acid residue (i-^-^^'/^f;, " These 
structure is defined - . because each 

inhibitors function as ^"^i""" ° ,i„.l 
,0 dipeptide portion is a -7'"" „ith DP-IV 

p„duct Of the reaction of ^^'^^ f^^^ terminus 
is the dipeptide inhibitor '-^-oPro^ 

these inhibitors "" -J^! nL DP-XV cannot 

3, reiT^e::!/-^^^^^^^ 
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Thus, in a first aspect, the invention features an 
inhibitory compound having the structure: Group I - 
Group II. Group I has the structure: 

H 



H T N^'" 



0 

Rl- C - Y 

1 

R2 



0 T 

1 I 
C T NH'- C 



where H represents a hydrogen; C represents a carbon; O 
5 represents an oxygen; N represents a nitrogen; each H, 
independently, is chosen fror. the group consisting of the 
R groups of an an^ino acid, including proline; each broken 
line, independently, represents a bond to an H or a bond 

, u/ T-poresents that bond or a 

to one R group, and each H represents, 

ic; an integer between 0 and 4 inclusive. 
10 hydrogen; and p is an intey«=^ 

Alternatively, Group I has the structure: ' 

r 

I 

Gl T C 

1 

L G3 -I 



15 



Where n is between 0 and 3 inclusive, each G2 and G3 
independently is H or CI - 3 (one to three carbon atoms) 
alkyl, Gl is NH3 (H3 represents three hydrogens), 

im - C- NH2. 
NH2 

(H2 represents two hydrogens), or 

KG4, where G4 is c - G5 

I 

G6 

MH H or CI - 3 alkyl or alkenyl 
where G5 and G6 can be NH, H, or t.i o 

with one or more, carbons substituted with a nitrogen. Gl 
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^ =nri ri and Grouo II do not form a 
bsars a charged, and Gl and cr - 
covalently bonded ring structure at pH 7.0. 

also have the structure: 



s 



•5 \a 

t 

S4 



w >^ H & and f group is N, 
„.ere one or two o. the - ';;.^^;:;,,^,,rntly is H 
5 and the rest are C and each SI _ 

or CI - C3 alKyl. Group I may also xnclude a five 



O H 

I I 

Rl- C - Y 
1 

R2 



where T is a. group of the formula: 
10 D2 

__ L _ Dl, where each Dl and D2, independently, _ is a 
nydroxyl group or a group which is capable of be.ng 
.yrrofysefto a hydroxyl group in aqueous solution at 
15 physiological pH; a group of the formula: 



_ C - CF - G. 

o r 



wo 93/08259 



PCT/US92/09026 



- 5 - 

where G is either H, fluorine (F) or an alkyl group 
containing 1 to 20 carbon atoms and optional heteroatoms 
which can be N, S (sulfur), or 0; or a phosphonate group 
of the formula: 
5 0 

10 where each J, independently, is 0-alkyl, N-alkyl, or 
alkyl. Each 0-alkyl. N-alkyl or alkyl includes 1 - 20 
carbon atoms and, optionally, heteroatoms which can be N, 
S, or 0. T is generally able to form a complex with the 
catalytic site of a DP-IV. 

R4 R5 
II 

Y is R3 - C - RA, R3 - C - C - 



15 



20 



25 



R4 R5 R7 

I I I 
R3-C-C-C-J^B 

I I I 

• R5 



and each Rl. R2, R3, R4, R5, R6, R7, and R8, separately 
is a group which does not significantly interfere with 
site specific recognition of the inhibitory compound by 
DP-IV, and allows a' complex to be formed with DP-IV. 

in preferred enbodiments, T is a boronate group, a 
phosphonate group or a trif luoroalkyl ketone group; each 
R1-R8 is H; each Rl and R2 is K, and each Y is the CHj- 
CH,; each R is independently chosen from the R group of 
proline and alanine; the ihibitory compound has a binding 
or dissociation constant to DP-IV of at least lO'^M, 10" K 
or even lO'^M; the inhibitory compound is admixed with a 
phanr.aceutically acceptable carrier substance; and each 
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^ 4- TV F or Dl and D2 together are 
a r^ng containing 1 to 20 caruo 

heteroatoBS which can be K, S, or 0. ^ 

, ,__ect the invention features 
in a second aspect, ^tivity of DP-IV in 

Bethod for inhibiting the enzymatic activity 

.1 The method includes administering to the 

tKira .spect, the invention .e.tures an 
inhibitor ot DP-IV, havin, the structure: 

C — B 



20 



25 



30 



H 



A — N 

I 

CH 



0 

II 

c 



CH, 



K / 

\ CH, 



CH, 



■CH, 



• .n intener between 0 and 10, inclusive; A 
r„r""a:e - i o alia reuaues ,.or ,iV=ine there is no 

aistincticn, such that the . ^ ^J^^^, 
bracketed unit can be a different amino acid resld 
B is in the L-=on£iguration; the bonds 
C bonded to B is in 

^ =nrf N A' and C, and between A' and h are 
between A and N, A an , independently, a 

peptide bonds; and each J^/^/ J .^^olys.d to 

hydroxyl group or.a. group capabl f be ng y ^^^^^^ 
a hydro^l group at physiological 

• to B is in the L-conf iguration" is meant that the 
to B is in u 

absolute configuration of the C is li)c 
amino acid. 



Thus the B, 



group has the same relationship to the C 



as the -COOH group of an L-a.ino acid has to its a 
carbon. In various preferred e^odiments, A and A are 
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independently proline or alanine residues; » is 0; and 
are hydroxyl groups; the inhibitor is L-Ala-L-boroPro; 
and the inhibitor is L-Pro-L-bcroPro. 

in a fourth aspect, the invention features a 
method for inhibiting DP-IV in a Bammal. The method 
includes administering to the mamiaal an effective amount 
of the conpound: 



25 



30 



A — N 

1 

CH, 



CH- 



^ CH, 



H 



C — C — A' — N 



C — B 



I 



CH2 



descriiid above. In a preferred embodiment, the amount 
is 1 mg/kg of the ma^al per day to 500 mg/kg of the 

manmal per day. 

other features and advantages of the invention 
will be apparent from the following description of the 
preferred enbodiments , and from the claims. 

nocrri ptio r Pr^^'oTT-Pd Embodiments 

The drawings viU first be brief ly. described. 

nravinos . 

Fig. 1 is a diagraiTjaatic representation of the 

synthesis of a boro proline conpound; and 

Fig. 2 is a diagrammatic representation of several 

embodiments of the invention. 

The inhibitory compounds of the invention have the 
general structure recited in the Summary of the Invention 
above. Examples of preferred structures are those 
referred to as preferred embodiments above. 

The structure of the preferred inhibitory 

V. a«- Toast a Dortion of the amino 

compounds is such thaw at ieasT; a puiuj. 

vv,= ^loavaae site of a DP-IV Bubstrate 
acid sequence near the cleavage site 
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■ . . nearly duplicated. This duplication is 
is duplicated, or nearly a P inhibitory 
in part responsible for e -^^^^^^^^^^ „ 
compounds to inhmit D. -V inhibitory 
involve competitive ^^^'-^^^^ .^i.itory 
compound or a OP-XV ™ pr d^c^ 

compound, and the ^ , ,,,ects the 

The choice of amino acia seq 

th=n tested to ^eterBin. ^""^ '-j^' aetermined in 

a similar fashion, by testing activity. 
,a.ticuiat i^ibitory ^^^^^ enzymatic 

The inhibitory co=P=unds preferably inn 
activity Of DP-IV and do not ir^ibit enzymes necessary 

.e.ses the i.ibitory co.po^nd 

.„ly in a ""^^ -^J-^ .et«ee„ the , 

reactive manner to form a stro g ^^^^ 

irOlibitory compound and DP- P 

hind t^e inhibitory -Pound t° - 

"""T Tm res°:" : h r^U in-"- — 
compound. Exacples o- ^ ^:^,t^^ (of the formulae 

fl„oroaml Ketones and P^P^ f ^ ° „ „„,,ently 

given In the Summary above) . These gr 

Lded to the prolyl residue of the compound, as in 



30 



above formula 



re%r'oline or proline analog, represented by 



Rl — C — Y 



35 



ebove, is Chosen so that it ^^'^ ^ 

proline -=-"^"^-',t,r ou s lich dc not 

be modified by providing Rl and R2 gr p 
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interfere significantly with this recognition, and thus 
do not significantly affect the of the compound. 
Thus, one or nore hydro>cyl groups can be substituted to 
form hydroxy-proline, and methyl or sugar moieties may be 
linked to these groups. One skilled in the art will 
recognize that these groups are not critical in this 
invention and that a large choice of substituents are 
acceptable for Rl and R2 . In part, the requirement that 
the above described proline analog mimics the structure 
of proline recognized by the active site of DP-IV means 
that the C bonded to N and Y has the sane stereochemistry 
as the alpha carbon of L-proline. 
Synthesis of Roy9Proline 

Referring to Fig. 1, the starting compound I is 
15 prepared essentially by the procedure of Matteson et al. 
[Organometallics 3:1284, 19B4) , except that a pinacol 
ester is substituted for the pinanediol ester. Similar 
compounds such as boropipecolic acid and 2-a2etodine 
boronic acid can be prepared by making the appropriate 
2 0 selection of starting- material to yield the pentyl and 
propyl analogs of compound I. Further, CI can be 
substituted for Br in the. formula, and other diol 
protecting groups can be substituted for pinacol in the 
formula, e.g., 2, 3-butanediol and alpha-pinanediol . 

Compound II is prepared by reacting compound I 
with ((CH3)03Si]2N-Li+. In this reaction 
hexamethyldisilazane is dissolved in tetrahydrofuran and 
an equivalent of n-butyllithiura added at -78 'C. After 
warming to room temperature (20«C) and cooling to -78 'C, 
an equivalent of compound I is added in tetrahydrofuran. 
The mixture is allowed to slowly come to room temperature 
and to stir overnight. The alpha-bis [trimethylsilanel - 
protected' amine is isolated by evaporating solvent and 
adding hexane under anhydrous conditions. Insoluble 



25 



30 
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10 



15 



20 



•Hu. is re:.oved by filtration under a nitrogen 
residue is re-ovea y ,„u,tion of compound II. 

of bcrcProlira is obtained b, the thermal cycU.at.on ot 
I ti Lin, the distillation process in wh.ch 

compound II during "-^ *.;n=+-<= is 

^ TT is heated to 100-150' and distillate is 

compound II is heated Q.oe-O.lO mm pressure. 

collected which bolls 66-62 c at u. 

C0.p»u.d IV, boroProline-pinacol hydrogen 

• ^ Kv, treatment of compound III with 

Chloride, is Obtained y „„ovea by 

„Cl:dio«ne. Excess HCl and by P 

trituration «ith ether ^ J,,^^,,^ ethyl 
a high degree of purity oy re j 

'"""xhe boroProline esters can also be obtained by 

— - - "-n;r :n::::r aridt yie. 

preparation of compound II with amiy 

.-amino-4-bromobutyl boronate pinacol ^^^^ 
cyclization occurs after neutralizing the salt 
and heating the reaction. 

boronate 

, -rn:.:: :::rerep^:r:::dirns 

^-^^pd for large scale preparations and pinacol 
Ts: ulHoi tL pin.nediol P^-ectin, ,ro.p. 

r::rroCr:i;rj:Tr„:L, 

hydrogenboronation of aiiyi di: catechol 

„.th — - art^i'J:::: heated 

borane was added to aiiyi 

. . hours at lOO'C under a nitrogen atmosphere. The 

::-ro.opropyl borcnate catech^^ ,bp ».0.c.^^^ 
0.25 m), was isolated in a yield of 4S» y 
.he catechol ester ,1» ^. -"^ ^ 
transesterl£ied with P--/^ '"'^^J'^^, .^^owin, the„ to 
i mixing the component in 50 ml of OTF 
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stir for 0.5 hours at O'C and 0.5 hours at roon 
temperature. Solvent was removed by evaporation and 250 
ml of hexane added. Catechol was removed as a 
crystalline solid. Quantitative removal was achieved by 
5 successive dilution to 500 ml and to 1000 ml with hexane 
and removing crystals at each dilution. Hexane was. 
evaporated and the product distilled to yield 177 g (bp 

60 - 64«C, 0.35 ma) . 

4-Bromo-l-chlorobutyl boronate pinacol was 

10 prepared by homologation of the corresponding propyl 

boronate. Methylene chloride (50.54 ml, 0.713 moles) was 
dissolved in 500 ml of THF, 1.54 N n-butyllithlum in 
hexane (480 ml, 0.780 r.oles) was slowly added at -100-C, 
3-Bromopropyl boronate pinacol (178 g, 0.713 moles) was 

15 dissolved in 500 ml of THG, cooled to the freezing point 
of the solution, and added to the reaction mixture. Zinc 
chloride (54.4 g, 0.392 moles) was dissolved in 250 ml of 
THG, cooled to O'C, and added to the reaction mixture m 
several portions. The reaction was allowed to slowly 

20 warm to room temperature and to stir overnight. Solvent 
was evaporated and the residue dissolved in hexane (1 
liter) and washed with water (1 liter). Insoluble 
material was discarded. After drying over anhydrous 
magnesium sulfate and filtering, solvent was evaporated. 
25 The product was distilled to yield 147 g (bp 110 - 112 "C, 
0. 200 mm) . 

N-Trimethylsilyl-boroProline pinacol was prepared 
first by dissolving hexacethyldisilizane (20.0 g, 80.0 
mmoles) in 30 ml of THF, cooling the solution to -78«C, 

30 and adding 1.62 N n-butyllithium in hexane (49.4 ml, 80.0 
mmoles) . The solution was allowed to slowly wana to room 
temperature. It was recooled to -78-C and 4-bromo-l- 
chlorobutyl boronate pinacol (23.9 g, 80.0 mmoles) added 
in 20 ml of THF. The mixture was allowed to slowly warm 

35 to room temperature and to stir overnight. Solvent was 
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10 



15 



20 



25 



the resiQue distiixear yj-^i ? 
product (bp 60 - 62-C, 0.1 - 0.06 im.) . 

K-boroProline-pinacol.HCl (boroPtolins- 

pi„.c=X.HCl, prep.r.d by cooUn, -"'-"^^tj^^ ^ 

.oroProllne pinaccl (U.O 61.7 e " J ^"^^ 

_ /(c ml 185 mmoles) . ine cixuiu.<= 
adding 4 N HCL:aioxane 46 ml, ihd ; 

stirrsd 30 .inutes at -76-C and 1 hour at roo. 
Z,Z^^. solvent was evaporated and the residue 

Iturated with ether to yield a solid. . The cru e 
product was dissolved in chloroform and insoluble 
oaterial removed by filtration, the 
.vaporated and the product crystallized fro. ethy 
acetate to yield 11.1 g the desired product (.P 166.5 

IST'C). 

c.^.K.c^c nf boroProlin^_PlBUaes 

^;;;;;;7;;;;;;^7^upiing of n-protected 

peptides and anino acids with suitai^la side-chaxn 
protecting groups to H-boroProline-pinacol are 
applicable. When needed, side-chain protecting and N 

Triinal protecting groups can J-;^;-^-^ 

u^i HRr trifluoroacetic acid, or ay 
with anhydrous HCl, HBr, ■criti.uu ^ ,„ 

These procedures are known to 
catalytic hydrogenation . These pro^ 

those skilled in the art of peptide synthesis. 

The »ixed anhydride procedure of Anderson et al. 
(J Aa. Chem. Soc. 89:5012, 1984) is preferred for 
iptfde coupling. Referring again to Tig. 1, th-ixed 
Anhydride of an N-protected amino acid or a peptide is 
p:^p!::d by dissolving the peptide in tetrahydrofuran and 
adding one equivalent of H-.ethyl.orpholine '^^^ 
solution is cooled to -20»C and ^ . ^^-^^^^^^/^^ ^f/;^' 
chlorofor»ate is added. After "'^^^^^^^ ^"lly 

and one equivalent of triethylamxne (or other sterically 
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hindered base) are added to a solution of H-boroPro- 
pinacol dissolved in either cold chloroform of 
tetrahydrofuran. 

The reaction mixture is routinely stirred for one 
hour at -20»C and 1 to 2 hours at room temperature 
(20''C). solvent is removed by evaporation, and the 
residue is dissolved in ethyl acetate. The organic 
solution is washed with0.20N hydrochloric acid, 5% 
aqueous sodium bicarbonate, and saturated aqueous sodium 
chloride. The organic phase is dried over anhydrous 
sodium sulfate, filtered, and evaporated. Products are 
purified by either silica gel chromatography or gel 
permeation chromatography using Sephadex" LH-20 and 
methanol as a solvent. 

Previous studies have shown that the pinacol 
protecting group can be removed in situ by preincubation 
in phosphate buffer prior to running biological 
experiments (Kettner et al., J. Biol. CheB. 259:15106, 
1984). several other methods are also applicable for 
removing pinacol groups from peptides, including 
boroProline, and characterizing the final product. 
First,, the peptide can be treated with diethanolamine to 
yield the corresponding diethanolamine boronic acid 
ester, which can be readily hydrolyzed by treatment with 
aqueous acid or a sulfonic acid substituted polystyrene 
resin as described in Kettner et al. [supra). Both 
pinacol and pinanediol protecting groups can be removed 
by treating with BC13 in methylene chloride as described 
by Kinder et al. (J. Hed. Chen.. 28:1917). Finally, the 
free boronic acid can be converted to the dif luoroboron 
derivative {-BF2) by treatment with aqueous HF as 
described by Kinder et al. (supra). 

Similarly, different ester groups can be 
introduced by reacting the free boronic acid with various 
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/*-^ flvs-inie those containing 
di-hydroxy compounds (for exaaple, 

^ - M\ ii an <nert solvent. 
heteroatoBS such as S or N) m an -net 

2 ^;;:ii;:;;;;;;^^prepared by mixed anhydride 

^ ^hP vr-Boc-p-otected alanine and K-boroPro 

Ls prepared by r.mov.l =£ the Boc protectin, group at , 
: = »0lL e.ce.s Of HCX-aio«ne. -P^-' 

a„. de.lo=.in, reactions were perfor.ed .ta.d rd 

Mfl-borc^ro has a K; for DP-IV of in 
0 chemical reaction. /^la-Dorc. * ^ « 

ar<r-biccked Ala-boroPro has no 
the nanomolar range. . Boc-biccxea 

affinity for DP-IV. 

The two diastereomers of Ala-boroPro-pinacol, 
L-Ma-D-boroE^o-pinacol and L-Ala-L-boroPro-pinacol can 

bv siUca gei chroinatography with 
5 be partially separated by si.ica g 

, • «^h^/i acetate as eluant. The early 
20% methanol m ethyl acetate c • v, ^ ^r, 

NMR analysis to be 95% enriched in 
fraction appears by NMR anaiysi*. v. ^. np- 

^ one isomer. Because this fraction has .ore 

IV to a greater extent the.-, later fractions (at egual 
=0 clcentrations, it is prohahly enriched in the .-.oroPro 
rL-Ala-L-boroPro-pinacol) isomer. 

' one significant drav.a* with H-Al.-boroPro as an 

inhibitor for DP-IV is that is decomposes i"^^-"- 
solution at neutral pH and rooo "'^"""^ " 
.5 with a half-life of aro^d 0.5 hour. Many d.pep id 

. ^- ,.-i<-h a free N terminal anino group and a 
derivatives- with a tree n v-=- 

f unltional group' <such as a dif luoronethyl ^^"^ ^ f ^ 
C-ten.lnus are sinilarly unstable due to intramolecular 
realuon. X si=c .e.her rin, is forced hetveen the a»ino 
,0 C- LinaX functional groups and undergoes su seguent 

further reaction, such as hydrolysis. DP-IV bou.d 
fnTibltor is »ore stable, consistent with the hypothesis 
r . =siti=n is due to an intramolecular reaction. 
H-4o-boroPro is .ore stable than E-Ala-boroPro. 
35 The X, of H-Pro-boroPro for DP-IV is about I . XO and 
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it decoaposes in aqueous solution at room temperature 
(20-25»C*) with a half life of about 1.5 hours. Although 
the affinity of K-Pro-boroPro is about 10-fold less than 
that of H-Ala-boroPro, the increased stability is 
5 advantageous . 

Because of the relatively short half life of the 
above dipeptides inhibitory compounds of the invention 
are forned as tetrapeptides or longer peptides as shown 
in the general formula above. These inhibitory compounds 
10 are substrates for DP-IV yielding the dipeptide inhibitor 
A'-boroPro. These polypeptide boronic acids are 
generally stable and can be administered by any standard 
procedure to act as a substrata for DP-IV and then as a 
source of a potent DP-IV inhibitor. The advantages of 
15 such molecules is that inhibitor is released only in the 
vicinity of active DP-IV. These polypeptide boronic 
acids can be made by the method of mixed anhydride 
coupling by one of ordinary skill in the art, e.g., 
Mattason {Organomat&llics 3:1284, 1984). 
20 Assays for DP-IV T nhlbition 

The following are examples of systems by which the 
inhibitory activity of the above described inhibitory 
compounds can be tested on DP-IV. As an example H-Ala- 
boroPro is used to test each of these systems. 
25 inhibitory compounds can be tested by simply substituting 
thea for H-Ala-boroPro. 

DP-IV is purified from pig kidney cortex by the 
method of Barth et al. (Acta Biol. Wed. Gerra. 32:157, 
1974) and Wolf et al. {Acta Biol. Med. Germ. 37:409, 
30 1978) and from human placenta by the method of Puschel et 
al. (Eur. J. Biochem. 126:359, 1982). H-Ala-boroPrd 
inhibits both enzymes with a in the nanomolar range. 
H.m^T ^ P^rinhera] ! Mononuclear Cells 

H-Ala-boroPro was tested for its influence on PHA- 
35 induced proliferation of human peripheral blood 
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nononuclear cells. Human peripheral blood mononuclear 
cells we-e obtained from healthy huiaan donors by Ficoll- 
Hypague density gradient centrifugation. The cells are 
washed three times in RPHI 1640 medium and resuspended to 
5 a concentration of a 1 x 10^ in RPHI. 10% hu:nan serum 

was used as necessary. 

The proliferative response of lymphocytes was 
measured using 3H-ThyBidine incorporation. 5 x 10 MNC 
cells (Ford in H^dbock of Experimental Immunology, Weir, 

10 ed., Blackwell scientific publications, oxford, 1978) 
were distributed into wells of round-bottom microtiter 
' plates and incubated in the presence or absence of 
va-ious dilutions of antigen, mitogen, lymphokine or 
other agent of interest. Cells vere cultured in an ^ 

15 atmosphere of 5% CO^ in air for 72 hours after which H- 
Thynidine (0.5 MCl/well; 2.0 Ci/mM, New England Nuclear) 
was added 6 hours before termination of culture. The 
cells were harvested with a multiple automatic harvester, 
and 3H-thymidine incorporation assessed by liquid 

20 scintillation counting. thymidine incorporation was 
determined relative to control values in the absence of 
inhibitor, inhibitor was added to give a final 
concentration of 1 x 10"%, but lower concentrations can 

be used. 

25 ^:iV aenpj replic ation 

we examined. the effect of H-Ala-boroPro on HIV-1 
replication in vitro. The rational for these experiments 
comes from the reported connection between T-celi 
activation, IL-2 production, and HIV replication and 

30 expression of HIV proteins. For example, inductive 

signals associated with HIV replication include mitogens, 
antigens, lymphokines, and transcriptions factors such as 
NF-KB, all of which have been shown to be associated with 
induction of IL-2 production, T-cell activation, or both. 
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Cell lines used in the present studies include 
A3. 5 cells (a monocyte cell line which is CD4 + , HIA-DR+. 
and CD3-) and peripheral blood mononuclear cells (PBMC) . 
The A3. 5 cells grow continuously in culture without 
5 exogenous gro-.th factors. PBMC cells require IL-2 for 
propagation in vitro. Cells were infected with HIV-l- 
IIIB at a multiplicity of infection (aoi) of 5 x 10" 
tissue culture infectious dose 50 (TCID50) /cell for' both 
the A3. 5 cells and the P.'^BC cells. Dilutions of 

10 inhibitor were made in RPMI-1640 and subsequently passed 
through a 0.22 um filter. At the start of each 
experiment, 1 x 10^ cells/well, in 24-vell plates, were 
infected with HIV-l-IIIB at the moi indicated above. 
Inhibitor was added siiaultaneously at the appropriate 

15 dilutions. All cultures were maintained at 5% COj and 
37<>C in RPMI-1640 suppleniented with penicillin, 
streptomycin, L-glutamine, hepes buffer, and 20% heat- 
inactivated fetal calf serum. Cell counts and viability 
were determined by trypan blue exclusion. Culture 

2 0 supernatants were harvested and assayed for HIV-1 p24 

antigen by ELISA (NEN-DuPont, Boston, HA). Fresh media 
and inhibitor were added on each day. For PBMC cultures, 
cells were collected from HIV-1 seronegative donors and 
stimulated with PHA-P (Difco, Detroit, MI; 10 A^g/nl) and 

25 10% IL-2 (Electronnucleonics, Silver Spring, MD) 3 days 
prior to Infection with HIV-l. PBMC cultures for all 
experiments included uninfected and infected cells 
without inhibitor, uninfected cells with inhibitor at the 
various concentrations, and infected cells in the 

30 presence of 1 nm zidovudine (azidothynidine , AZT) . 

With A3. 5 H-Ala-boroPro suppresses HIV below 
detectable levels in a manner similar to the anti-HIV 
effect of AZT at 1 /im- Similar results were observed 
with the PBMC cells. Thus, inhibitors of this invention 

35 have an anti-HIV effect. Cell viability assays show that 
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t.esa inhibitors are not cytotoxic even at relatively 
high concentration (lO-'M for A3. 5 cells). 

The ability to determine DP-IV activities 
5 associated with cells and tissues is highly desirable. 
For e.aBple, it viU permit correlations to be »ade 
betwean level of inhibition of DP-IV and the magnitude of 
the Observed biological affect, e.g., on cell 
proliferation, and IL-2 production. Such correlation is 
10 helpful in establishing whether or not the ^^"^^''f 

effect is due to inhibition of DP-IV. Ke have found that 
:"rdeter,ihatlons can be reproduclbly and reliably bade 
using the readily available chro.cgenic substrates tor 
np-iv x-Pro-p-nitroanilides and x-Pro-7-a=ino-4- 
,5 tritl^oro^ethyl cou.arins (AFC, . 

fluorescent and thus provide greater sensitlv t . DP IV 
activity is measured as release of P-"""-/^^^/ 
spectrophotonetrically at 410 nH, or using x-Pro-APC 
derivatives and measuring fluorescence at 505 nM. 
20 Reduction in activity in the presence of inhibitor 
provides an easy test for inhibitory activity. 

I hibitor st ...^-t rY nn ^^-^ ^-^^^''^' l 

Experiments described below demonstrate that Ala- 
boroPro and Pro-boroPro are potent inhibitors of DP-IV 
25 with % values in the nanomolar range. In addition, the 
1,L foi. of Pro-boroPro Is shown to be . far more potent 
inhibitor of DP-IV than the L,D form of Pro-boroPro. 

The activity of DP-IV, isolated froa porcine 
kidneys by the method of Wolf et al. (ACTA Bio. He^.Cr. 
,0 ,:4ol 1I72,, was measured using Ala-Pro-p-nitroan 1 e 
as a substrate. Briefly, a reaction containing o^mo 
sodium Hepes (pH7.8), 10 M-ol Ala-Pro-p-nltroanlllde 6 
^llllunlts Of DP-IV, and » (vol/vol, dl^ethylformamide 
in a total volume of 1.0 ml. The reaction was initiated 
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by the addition of enzyme and reaction rates were 

measured at 25''C. 

The rates of DP-IV-catalyzed hydrolysis of Ala- 
Pro-p-nitroanilide were determined at 3 to 5 different 
concentration of Ala-boroPro Pro-boroPro, boroPro and N- 
Boc-Ala-boroPro. In some cases, the initial reactions 
rates were not linear. The rates became linear after 10 
min; this linear portion can be duplicated by 
preincubating enzyne with inhibitor for 10 min before 
adding substrate. Table 1 presents the results of 
measurements made over the linear range. 



Table 1: Inhibition constants of some inhibitors of DP- 
IV 

Inhibitor Ki_nil 
N-Boc-Al-boroPro >1. 000, 000* ' 

BoroPro 110,000 

2 



Ala-boroPro 
Pro-boroPro 
20 *No inhibition detected 



Pro-boroPro ^ 



Ala-boroPro was a potent inhibitor of DP-IV, 
having a Kj. value of 2 x IQ-^M (Table 1) . Blocking the N 
terminus of this inhibitor (e.g., N-Boc-Ala-boroPro ; 
25 Table 1) abolished inhibition, demonstrating that a free, 
positively charged amino group is likely essential for 
enzyme recognition and binding. The of 3 x lO"' M for 
Pro-boroPro demonstrates that DP-IV tolerates an imino 
group in place of the amino functional group on the N. 
terminus as well as the substitution of a proline side 
chain in place of the alanine methyl group. This shows 
that the S2 specificity subsite is not highly 
restrictive. Although DP-IV will accept nearly any amino 
acid at the N terminus,- interactions between this amino 
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15 



20 



25 



30 



^y-^^-i("al foi- binding. This is 
acid and the enzyme are critical ro. ^ 

strated the 10-10^ decrease in affinity on .o.n, 
froB Ala-boroPro or Pro-boroPro to boroPro .tself (Table 

* The inhibition e^cperiments presented in Table 1 
were carried out on DP-IV isolated from pig kidneys. 
Pro-boroPro and Ala-bcroPro inhibit DP-IV fro. human 

placenta equally well. 

The Ala-boroPro and Pro-boroPro used in the ^ 
experiments described above were raece.ic fixtures ^ 
w^ich the boroPro Boiety was present as both the D-fonn . 
and L-fonn while Ala and Pro were both the L-iso.er. 

High pressure liquid chronatography (HPLC, can be 
used to separate L-Prc-D-boroPro fro. L-Pro-L-boroPro . A 
4.6 X 250 Hon Nucleosil C18 (5^ particle) column 
employing a two buffer system (Buffer A is 100% H,o with 
0.1% and buffer B is 70% CH3CK, 30% H,0, 0.86% TFA) 

can be used to carry out the seperation. ^^^^^ 
5% B and 95% A is used, and fron 5 to 25 min 5% to 10 % B 
is used. The L,L isomer comes off first at about 7 min 
followed by the L,D isomer at about 10 min. N«R and mass 
spectra analysis were consistent with both compounds, 
being Pro-boroPro. Rechromatography of the purxf.ed 
isomLs indicated that the first pass on the HPLC colmnn 
achieved an isomeric purity of about 99-6% for each 
isomer. High pressure liquid chromatography (HPLC) can 
similarly be used to be used to separate ^Ala-D-boroPro 
from L-Ala-L-boroPrc or to seperate the D-boroPro form of 
other inhibitors from the L-boroPro form. 

W.en L-PTO-L-boroPro and L-Pro-L-boroPro were used 
in a DP-IV inhibition .ssay, the K, for L-Pro-D-boroPro 
was 3.2 X 10-l^M, While for L-Pro-D-boroPro the K, was 
6.0 X 10-^. The L,L-isomer constitutes a much better 
inhibitor for DP-IV than the L,D.isomer. ~ xt xs 
preferred that all of the amino acid residues of the DP 
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IV inhibitors' of the invention be the L-isooer rather 
than the D-isomer. 

Use 

The inhibitory compounds can be administered in an 
5 effective amount either alone or in combination with a 
pharmaceutically acceptable carrier or diluent. 

The above inhibitory compounds are useful for 
treatment of a wide variety of disease; for example, an 
autoimmune disease, the pathogenesis of which is 

10 dependent on T cell activity.' DP-IV plays a role in such 
autoimmune disease and inhibition of DP-IV activity 
allows regulation of the progress of the disease. Such 
diseases include arthritis, rejection of transplanted 
organs, as well as SLE and AIDS. When administered to 

15 mammals (e.g., orally, topically, intramuscularly, 

intraperitoneally, intravenously, parenterally , nasally 
or by suppository) , the inhibitory compounds of this 
invention enhance the ability of, e.g., the immune system 
of the mammal, to fight the disease. 

2 0 inhibitors of DP-IV can suppress IL-2 production 

and thus diseases in which the production of IL-2 is 
altered may be treated by use of these inhibitors. These 
inhibitors can also delay catabolism of growth hormone 
releasing factor, and block DP-IV activity of amoebae and 

25 microbial pathogens to allow an immune system to act more 
efficiently. 

The inhibitory compounds or compositions can be 
administered alone or in combination with one another, or 
in combination with other therapeutic agents. The dosage 
30 level may be between 1 - 500 mg/kg/day. 

fi^v^or Fmbodiments 
Other embodiments are within the following claims. 
For example, other inhibitors can be created which mimic 
the structure of Ala-boroPro. Examples of such 
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10 



Fia 2 and include Ala-boroPro. 
inhibitors are shovn m Fig« ^ 

inhibitors ,.ne..ny -ve a .oro«o ^oup, or .ts 

e^ivalent. aescribed above in tbe =>--^ ° 

:::rb:nrr::-::;- r . 

l.tic ac-ivity toward a normal substrate. These 
enzymatxc ^^^^^^^^ by procedures veil known to 

inhibitors are synthesizea oy p^u 

those of ordinary skill in this art. 
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1. An inhibitor of DP-IV, having the structure: 



A — N 



H C 

1 I. 
C — C ^- A' — N 



L 



\ 



CH- 



H 
I 

C — B 



wherein m is an integer between 0 and 10, inclusive; A 
and A' are L-amino acid residues such that the A in each 
repeating bracketed unit can be a different anino acid 
10 residue; the C bonded to B is in the L-conf iguration; the 
bonds between A and N, A and C, and between A and N are 
peptide bonds; and each and is, independently, a 
hydroxyl group or a group capable of being hydrolysed to 
a hydroxyl group at physiological pH. 

15 2. The inhibitor of clain 1 wherein A and A' are 

independently proline or alanine residues. 

3. The inhibitor of claim 1 wherein b is 0. 

4. The inhibitor of claim 1 wherein and X^ are 
hydroxyl groups. 

20 5. The inhibitor of claim 1 wherein said 

inhibitor is L-Ala-L-boroPro . 



6. The inhibitor of claim 1 wherein said 
inhibitor is L-Pro-L-boroPro. 
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FIG. I 



(I) Br-{CH2)3-CH— B 



N., 



-78*C-+25''C 



CI 



i-bromo-l-chlorobucyl boronate pinacol 



(C) Br-{CH-2)3-CH-B:;;. 



0 — 
'0 — 



Distillation 



Si Si 
/|\ /l\ 

4-bromo-l[ (bistrimethylsilyl) amino] butyl bornonate pinacol 



(in) 




HCL: Dioxane 




.0 — 




HCl 



(J2) 

l-triaethylsilyl-boroProLine pinacol boroProline-pinacol-HCL 



isobutylchloroformate ^ ? P' 

Boc— AlQ Boc— C — C-N-pB^ 

+ CH 

Boc-Ala— boroPro-pinacol 



N— tB 



4N HCl 

Boc-Ala-boroPro-pinacol-Di22iane_^Ala-boroPro-pinacol 
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HO H 
R=H,CH3 



FIG.2 
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